Background. Sleep hygiene education (SHE) is commonly used as a treatment of insomnia in general practice. Whether SHE or cognitive-behavioural therapy for insomnia (CBT-I), a treatment with stronger evidence base, should be provided first remains unclear. Objective. To review the efficacy of SHE for poor sleep or insomnia. Methods. We systematically searched six key electronic databases up until May 2017. Two researchers independently selected relevant publications, extracted data and evaluated methodological quality according to the Cochrane criteria. Results. Twelve of 15 studies compared SHE with CBT-I, three with mindfulness-based therapy, but none with sham or no treatment. General knowledge about sleep, substance use, regular exercise and bedroom arrangement were commonly covered; sleep-wake regularity and avoidance of daytime naps in seven programs, but stress management in only five programs. Major findings include (i) there were significant pre-to post-treatment improvements following SHE, with small to medium effect size; (ii) SHE was significantly less efficacious than CBT-I, with difference in effect size ranging from medium to large; (iii) pre-to post-treatment improvement and SHE-CBT-I difference averaged at 5% and 8% in sleep-diary-derived sleep efficiency, respectively, and two points in Pittsburgh Sleep Quality Index; (iv) only subjective measures were significant and (v) no data on acceptability, adherence, understanding and cost-effectiveness. Conclusions. Although SHE is less effective than CBT-I, unanswered methodological and implementation issues prevent a firm conclusion to be made on whether SHE has a role in a stepped-care model for insomnia in primary care.
Introduction
Insomnia is a highly prevalent condition that is associated with substantial distress, psychosocial impairment and medical and psychiatric morbidity (1) . Patients with sleep problems consult their general practitioners more frequently than other health professionals (2) and typically prefer non-pharmacological treatments (3), among which sleep hygiene education (SHE) is the most commonly used (4) . The term 'sleep hygiene' was first used by Peter Hauri in 1977 in the context of providing recommendations for patients with insomnia (5, 6) . The list of sleep hygiene recommendations was updated in 1991 (5) , and many versions are now available (7) . In a recent review (8) , Irish et al. reported that caffeine, tobacco and alcohol use, exercise, stress, noise, sleep timing and daytime napping are the areas commonly covered during SHE. Whether SHE should be given priority for treating insomnia remains a controversy due to its low cost and easy availability. A review paper published in the American Family Physician (9) placed SHE equivalent to cognitive-behavioural therapy for insomnia (CBT-I), but the recommendation was based on consensus and usual practice (Strength-of-Recommendation Taxonomy (11) did not support SHE as a single therapy due to insufficient evidence (No recommendation level). Recent literature further supports the effectiveness of CBT-I, e.g. an evidence report by the American College of Physicians considered CBT-I as an effective intervention for insomnia disorder (moderate-strength evidence) (12) and the Australasian Sleep Association guideline placed CBT-I as a first line treatment (Level I evidence from meta-analyses) (13) .
General practitioners seldom conduct CBT-I or refer patients with insomnia for psychological treatment (14, 15) . Although verbal advice and a sleep hygiene sheet are often used (14) , they are seen to be insufficient to address the sleep problem by most general practitioners (15) . A stepped-care model has been proposed by Espie as a solution to the high demand of CBT-I services (16) . The model is often conceptualized as a pyramid, of which high patient volume is managed at the base of the pyramid using low intensity treatments, e.g. self-help CBT-I, with progressively smaller volumes and greater expertise in assessment and treatment towards the top step. Although self-help CBT-I has a strong evidence base for its effectiveness (17) , it contains more information and may be harder to understand than sleep hygiene recommendations; hence is worthwhile to explore whether SHE can be a starting point for the treatment of insomnia.
To our knowledge, there has been no systematic review on SHE. The last review was published in 2003 and did not follow systematic protocol (7) . Since SHE is commonly used in healthcare settings and many studies may have been published on SHE, the aim of this systematic review and meta-analysis is to examine whether SHE is an effective treatment and how SHE compares to CBT-I and other forms of treatments for insomnia.
Method

Literature search
The meta-analysis was conducted with reference to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) (18) . The protocol was registered at the International prospective register of systematic reviews (CRD42015024995). The Ovid MEDLINE, EMBASE, CINAHL plus, PsycINFO and Dissertation & Thesis A&I and Cochrane Library from inception through 30 June 2015 were searched without language restriction using the search terms: (sleep hygiene OR sleep education OR sleep health) AND (random* OR controlled trial OR clinical trial OR RCT) AND (sleep OR insomnia OR dyssomnia) in titles or abstracts. An updated search was conducted in June 2017 for publications up to 31 May 2017. Reference lists of the included studies and relevant reviews were examined for additional articles. As a forward search, we used the Ovid MEDLINE to identify all papers that have cited the included studies.
Study selection
Studies included in this review are randomized controlled trials that examined participants with a complaint of poor sleep or insomnia who received SHE in comparison with no treatment, routine care, placebo or sham treatment or any forms of psychological, pharmacological, complementary or alternative medicine treatment. Supplementary Table 1 presents the population intervention comparison outcome (PICO) protocol. SHE was defined as any advice provided to patients with an intention to help their sleep without any elements of CBT-I (including stimulus control, sleep restriction, relaxation training and cognitive therapy) or other complementary and alternative medicine components (e.g. Taichi, qigong, massage, acupressure). We did not set any specifications for delivery modality, treatment content and duration, outcome measure or study quality. Two investigators selected relevant publications independently according to the eligibility criteria. Any disagreement was resolved by thorough discussion and consultation with the senior author (KC). When a study had more than one patient group (e.g. one group of primary insomnia and another group of comorbid insomnia), we considered it twice as two different comparisons. When the same group of authors published more than one article using data from the same group of subjects, we considered it as one set of comparison and used the largest dataset that was available.
Data extraction and quality assessment
One investigator extracted the data and another checked the extracted data. For each study, the following variables were extracted: study design, subjects' characteristics including age, gender, duration and diagnosis of insomnia, components and procedure of SHE, comparison intervention and outcome parameters. Primary outcome was sleep questionnaire score, but other outcomes, such as sleep diary, actigraphy and polysomnography-derived variables were also recorded if available. We analyzed the quality of studies using the Cochrane's risks of bias assessment (19) , which has six domains: random sequence generation, allocation concealment, blinding of participants, personnel and outcome assessors, incomplete outcome data, selective outcome reporting and other sources of bias. The ratings of each domain can be 'yes' (low risk of bias), 'no' (high risk of bias) or 'unclear' (uncertain risk).
Data synthesis and analysis
We used the Comprehensive meta-analysis software version 3.0 for statistical analysis. The summary measures were the mean difference and its 95% confidence interval (CI) and effect size, calculated as Hedges's g. We analyzed the pre-to post-treatment improvements and between-group differences in outcomes. Due to differences in demographic characteristics and inclusion and exclusion criteria between studies, it was expected that there was heterogeneity a priori; hence the random-effects model and inverse-variance method were employed to calculate summary estimates (20) . Heterogeneity was evaluated using the Cochrane's Q statistic, with P value < 0.10 indicating significant heterogeneity. The I 2 statistic was computed as a compliment to the Q statistic. As suggested by Higgins et al. (21) , I 2 of 0%, 25%, 50% and 75% indicate no, low, moderate and high heterogeneity, respectively. If there were 10 or more studies in a comparison, publication bias would be examined by visual inspection of the funnel plot, which is a scatterplot of treatment effect against sample size. Sensitivity analysis was performed using the leave-oneout method in order to investigate the influence of outlying studies on the synthesized effect size in the random-effects model (22) . Subgroup analyses were performed to determine the impact of insomnia nature (primary versus comorbid), delivery modality (in-person versus printed material) and the number of SHE sessions (1-2 versus ≥ 3). The chosen factors were considered having potential impact on treatment outcome. Figure 1 presents the flowchart of the systematic review. A total of 2361 entries were included for title and abstract screening and 133 papers were selected for full-text screening. Fifteen studies met the eligibility criteria and were included in this review (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) .
Results
Identification of studies
Overview of the included studies Table 1 summarizes the characteristics of the 15 included studies. Sample size was typically small, ranging from 20 to 159, with a total of 1194 subjects. About 52.8% were female and the mean age was 65.6 years. CBT-I was the most common comparator (n = 12), followed by mindfulness-based treatment (n = 3), while no studies compared SHE with placebo or sham treatment, treatment as usual, Risks of bias assessment using Cochrane's criteria in random sequence generation, allocation concealment, blinding of participant and personnel, blinding of outcome assessors, incomplete outcome data addressed, selective outcome reporting and other sources of bias. Table 1 .
Continued
complementary and alternative medicine therapy or no treatment. Subjects were recruited through multiple sources, and the criteria used for diagnosis of insomnia varied between studies. There were also great differences in subject characteristics. Four studies included only older adults, while two studies were on cancer survivors, one on university students and one on patients with fibromyalgia. The most common outcome measure was Pittsburgh Sleep Quality Index (PSQI), which is a 19-item self-rated questionnaire for evaluating subjective sleep quality over the past month (38) . The PSQI score ranges from 0 to 21 with a score of 5 or above being suggestive of poor sleep and an improvement of three points or more has been used to define treatment response (39) . The other commonly used outcome measures are sleep diary variables. Sleep efficiency (SE) is a summary index of sleep diary variables; a SE <85% represents poor sleep and an improvement ≥10% is suggestive of treatment response (39) . Both PSQI and sleep diaries are well-established assessments of sleep and insomnia (40) . Objective measures are rarely used. Only three studies used actigraphy and one study used polysomnography. Baseline insomnia severity was mild to moderate, as indicated by a mean PSQI score ranging from 6 to 15 across studies. Eight of the 15 studies had only one follow-up, which was arranged at immediate post-treatment or up to 3-month post-treatment.
Description of SHE
The number of sessions of SHE ranged from 1 to 6, with a median of three sessions (Table 2) . Six studies used group approach, five studies used individualized approach, and four studies used printed material. General knowledge about sleep architecture, substance use, regular exercise and bedroom arrangement were commonly covered during SHE, followed by sleep-wake regularity and avoidance of daytime naps in seven programs, and stress management in five programs. Ten studies mentioned the use of a standardized manual, 10 studies provided therapist training, 8 studies had therapist supervision and 5 studies had treatment fidelity monitoring.
Assessment by the Cochrane's risk of bias assessment
Results are shown in Table 1 . Blinding of participants and personnel was most difficult, with 11 of the 15 studies having a high risk of bias. Allocation concealment was also unclear in 11 of the 15 studies, while blinding of outcome assessors was unclear in 9 of the 15 studies. The risk of bias due to incomplete or selective outcome reporting and other sources of bias were low in all studies, except the study by Dawson et al. (30) . Table 3 presents the within-group meta-analyses on subjective and objective measures. Forest plots on sleep-diary-derived SE and PSQI are shown in Figure 2a and b. Supplementary Figures S1-S17 present the forest plots of other variables. Other than PSQI and Insomnia Severity Index (ISI), there was no significant heterogeneity between studies. There were significant pre-to post-treatment improvements in sleep-diary-derived sleep onset latency (SOL), wake after sleep onset (WASO), total sleep time (TST) and SE, PSQI and ISI. The within-group effect size was small for sleep diary variables (0.23-0.35) and medium for PSQI and ISI (0.51-0.67). In their native units, SOL was improved by 5 min, WASO by 12 min, TST by 25 min, SE by 5%, PSQI by two points and ISI by three points.
Efficacy assessment
Within-group difference
The pre-to post-treatment difference in actigraphy variables was not significant. The leave-one-out sensitivity analysis found that the significant finding in PSQI and ISI was still present when an outlying study was removed. Funnel plot was not performed due to the small number of studies.
Between-group difference
Pooled analyses showed that CBT-I was significantly more effective than SHE in terms of SOL, WASO, SE, PSQI and ISI, but no significant difference in actigraphy measures (Table 3 ). There was moderate heterogeneity between studies in PSQI, but the significant finding was still present when outlying studies were removed. The betweengroup effect size was medium for SOL, WASO and SE (0.48-0.67) and medium to large for PSQI and ISI (0.67-0.92). CBT-I was more effective than SHE for improving SOL by 11 min, WASO by 14 min, SE by 8%, PSQI by two points and ISI by four points. Forest plots of SE and PSQI are presented in Figure 2c and d. Pooled analyses also found that mindfulness-based therapy produced greater improvement in PSQI than SHE, but only two studies were available for analysis (Hedges's g = 1.13, CI = 0.64, 1.62, P < 0.001).
Subgroup analyses
There were no significant differences in subgroup analysis of the impact of insomnia nature (primary versus comorbid), delivery modality (in-person versus printed material) and the number of SHE sessions (1-2 versus ≥ 3) on PSQI and SE (Supplementary Table 2 ).
Discussion
Our study showed that SHE was associated with sleep improvements, based on significant pre-to post-treatment changes, but it was less effective than CBT-I and mindfulness-based therapy. Within-group improvements and between-group differences were shown only in subjective measures. Subgroup analyses could not detect any impact of comorbid insomnia, delivery modality and the number of sessions on outcomes. The overall finding seems to suggest that CBT-I is more effective than SHE for the treatment of insomnia. However, there are uncertainties in the finding due to methodological problems in studies comparing SHE and CBT-I and practical and cost-effectiveness issues regarding the implementation of CBT-I. A recommendation to abandon using SHE in primary care cannot be made with certainty. A systematic review found that psychological placebo in the form of sham procedure had small pre-to post-treatment effect sizes on sleep diary measures (0.12 to 0.36) and a moderate effect size on subjective sleep quality (0.52) (41) . Our study showed that the preto post-treatment effect sizes of SHE were quite similar to psychological placebo. If treatment response was defined as an improvement in PSQI by 3 points or SE by 10% (39), the pre-to post-treatment improvement following SHE was not up to the level.
Compared to CBT-I, SHE was shown to be significantly less efficacious. The difference in effect size was medium to large, depending on the outcome measures. In terms of native units, CBT-I outperformed SHE in SE by 8% and PSQI by two points. Although most of the included studies used standardized manuals and had therapist training and supervision, only five studies had treatment fidelity monitoring. It remains unclear whether the efficacy of SHE can be enhanced by treatment fidelity monitoring and a more comprehensive coverage of sleep hygiene recommendations.
If SHE was introduced as an entry-step treatment for insomnia in primary care, a standardized and comprehensive SHE package should be developed, instead of information leaflets alone. Due to CBT-I, cognitive-behavioural therapy for insomnia; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; SHE, sleep hygiene education. GRADE Working Group grades of evidence High quality: We are very confident that the true effect lies close to that of the estimate of the effect. Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect. Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect. Methods of sequence generation/allocation concealment were unclear, and blinding of participants was not achieved in most of the studies (downgraded by 1 due to limitation of study).
c
The confidence intervals did not exclude no difference so it is difficult to tell whether effects CBT_I and SHE was different (downgraded by 1 due to imprecision).
d
There was important variation between the study results (I 2 = 45%, P = 0.07) (downgraded by 1 due to imprecision due to inconsistency).
*P <0.05, **P < 0.01, ***P < 0.001. differences in therapists' expertise and training requirement, studies should compare the implementation, acceptability and cost-effectiveness issues between SHE and CBT-I. A qualitative study suggested that although general practitioners know CBT-I, they seldom refer patients for treatment (42) . More work is needed to educate general practitioners on the health risks of insomnia and the availability of psycho-behavioural treatments. As SHE may be able to resolve the patient's problem and has little or no risk of adverse effects; in places where CBT-I is unavailable or too costly, SHE may be considered as a first-step treatment.
Cross-sectional studies have revealed that daytime napping, smoking, alcohol use and uncomfortable sleeping environment are more common in individuals with insomnia, compared to good sleepers; however, the frequencies of these behaviours are not high (43) . The findings may explain why SHE may not be a sufficient treatment, while having poor sleep hygiene may be a prerequisite for using SHE.
Despite an extensive literature search, the major limitation of our review was the small number of included studies. We did not know whether there were missing papers that used non-standard spelling or non-standard terms to define the intervention. Future studies should search using a combination of Medical Subject Heading (MeSH) and free-text terms. Suggestions on using filters and highly sensitive strategies for identifying randomized trials are available in the Cochrane Handbook for Systematic Reviews of Interventions (44) . Participants' characteristics, recruitment source and baseline severity varied widely across studies; hence generalization to a specific setting and patient group was not possible. Methodological quality of the included studies was fair. Due to the nature of intervention, blinding of participants and personnel and allocation concealment were difficult in most studies; however, publication bias was unlikely because SHE was often used as a control intervention and the results were mostly consistent across studies.
In conclusion, SHE resulted in pre-to post-treatment improvements in sleep; however, it fared worse than CBT-I and mindfulnessbased therapy for the treatment of insomnia. Although CBT-I was shown to be more effective than SHE, the difference in sleep-diaryderived SE was 8%; for PSQI, it was two points' difference. More studies are needed to examine whether SHE is better than CBT-I in terms of acceptability, adherence, understanding, cost-effectiveness and ease of implementation. To understand the effectiveness of SHE, future studies should ensure treatment fidelity and a comprehensive coverage of sleep hygiene recommendations. In addition, studies comparing SHE with placebo or no treatment are needed.
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